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[57] ABSTRACT

An on-chip power supply regulation system for a VLSI
circuit such as a dynamic RAM is disclosed. The system
includes a high power supply voltage detection circuit
and a power supply clamp circuit, where a clamped
voltage generated by the clamp circuit biases the func-
tional circuitry when the high power supply voltage
detection circuit detects an overvoltage conditions. The
bias voltage applied to the functional circuitry in the
normal operating condition can be a regulated voltage
generated from the power supply voltage. Further in-
cluded in the disclosed circuit is a burn-in voltage gen-
eration circuit and a burn-in voltage detection circuit,
which can apply an accelerated voltage which depends
upon the applied power supply voltage, when the
power supply voltage is higher than during normal
operation but lower than in the overvoltage condition
enabling the clamp operation. A multiplexer connects
the regulated voltage, the clamped voltage, or the ac-
celerated voltage, to the circuit depending upon the
level of the external power supply voltage. In this way,
the offset between the accelerated voltage and the ex-
ternal power supply voltage can be optimized indepen-
dently from the power supply voltage at which the
accelerated voltage is enabled.

16 Claims, 8 Drawing Sheets

29

SUBSTRATE
PUMF

VBBQ_

PERIPHERY

27




5,063,304

[/
HOLVYHINIO
3ON3Y343Y
L4V7 4014d

QD

o

-

i

2

pot

/)

i

; sc/

“ R AA

m AVHEY 4IAING

NIgGA

U.S. Patent

PPA




5,063,304

Sheet 2 of 8

Nov. 35, 1991

U.S. Patent

_ LINJYHID
dWNNd NOI123130 .
J1vH1S8NS SvVig —

LIEYR-L
AGANVIS QW(\

Sd A

134
> NIVIN .
NN. Q\NN NIdW1D
d 1A

AM3IHJIY¥3d -1
07 c/ dWTIA dWV D
ER ; xow | ] | PPA
ABANVLS 143dp |
(o4 SN -
_ = o] [
AVHNY \\ NIOA
HIAIYQ XOW e NI-NH¥Ng -
_ NIVIN VA ] AVHYYVY
VAN A
077 _ G VAW
F — Y VAR G/
pagA viA_
e

31vY41580S _ =
_ /c

NIY¥3I43Y
N3I1d1L1NN quwﬁu%qm



5,063,304

Sheet 3 of 8

Nov. 3, 1991

U.S. Patent

VAY

~PaaA

£ 014
- ..».I - ]
e _
s _
—I llllll —_—
05 | % |- 40 _
PP 057 " 9t _ mq;_
| |
q>.eo4||_ L Vot
< e[ _
S _ _
d {M" _m\vf | _
_ o )%w__ |
=3 | pp
PPA mhl _ “. " _ _
=== =]



5,063,304

Sheet 4 of 8

Nov. 5, 1991

U.S. Patent

L 01
e
_ F—— — 4+ — svig
‘ | ¢G 4 “ A VAW
C/ " N%e\.. |~ _u_.#s
_ | C- _
09 /G
| & RiRr-al
i<t e
zuz_m_ I 77 “ - Nm,_ _
| N |
e o o e — — I._.u..._wbll....... —



5,063,304

Sheet 5 of 8

Nov. 3, 1991

U.S. Patent




5,063,304

Sheet 6 of 8

Nov. 5, 1991

U.S. Patent

o T bl



5,063,304

Sheet 7 of 8

Nov. 5, 1991

- U.S. Patent

. _ dW1JA

_ N3IdW1D

NIBTA

VAW



& 014/

5,063,304

(s170A) PPA
0'0f 06 08 0L 09 0§ Ot OFf

Q0
Chad
=
o0 0 ¢
D
=
7
0'¢C
o /
° /

i o === — O'v
N ®
N o n;m\l
wn o - (S1770A)
M... ...._ 0'C VAY
7 14V mo_mwn_ .

. 09
~Nd ¢
nnu o _ :
Jod . 04
(e o
a¥ .
u ) 0'8
-



5,063,304

1

INTEGRATED CIRCUIT WITH IMPROVED
ON-CHIP POWER SUPPLY CONTROL

This invention is in the field of integrated circuits,
and is more specifically directed to on-chip power sup-
ply control. |

BACKGROUND OF THE INVENTION

In recent years, the density of components are inte-
grated into single integrated circuit devices has in-
creased at a high rate. Examples of such high density
circuits include dynamic random access memories
(dRAMs), which are now being fabricated at 4 Mbit
and 16 Mbit single-chip densities. In order to accom-
plish such complexities while maintaining the size of the
chip at reasonable and manufacturable levels, the mini-
mum feature size of the transistors and other compo-
nents must of course be reduced. For dRAM devices,
which have generally been the most densely integrated
devices 1n the industry, the size of features such as MOS
transistor gates 1s generally at the smallest size manufac-
turable by available technology. In the example of 16
Mbit dRAM devices, transistor gate widths are ex-
pected to be in the range of 0.5 to 0.7 microns.

It is well known that MOS transistors which have
gate widths, and accordingly transistor channel lengths,
which are of sub-micron dimensions are subject to time
and voltage dependent phenomena to which larger
transistors are not subject. An example of such a phe-
nomenon is transistor performance degradation due to
channel hot-carrier effects. While certain techniques are
available to reduce the susceptibility of transistors to
channel hot-carrier effects, such as providing graded
junctions as described in U.S. Pat. No. 4,356,623 issued
Nov. 2, 1982, and assigned to Texas Instruments Incor-
porated, the drain-to-source voltage nominally applied
to the transistor structure remains a strong factor in the
channel hot-carrier degradation of the transistor perfor-
mance.

Furthermore, the storage element in dRAMs is com-
monly a thin film capacitor. It is well known that the
data stored in dRAM capacitors may be upset by natu-
rally occurring alpha particles. The degree to which
data is lost in such events depends upon the capacitance
of the memory cell, and accordingly the capacitance of
modern dRAM cells 1s generally maintained above 35
fI* for each cell, and preferably above 50 fF. Since it is
desirable that the density of storage cells per unit area
should be as large as possible, in order to maintain the
necessary storage capacitance of 35 to 50 fF, the thick-
ness of the capacitor dielectric must be reduced. Mod-
ern storage capacitors thus have dielectric thicknesses
on the order of the equivalent of 10 nm of silicon diox-
ide, or less. However, with such thin capacitor dielec-
trics, both dielectric breakdown wvoltage and time-
dependent dielectric breakdown rates degrade with
thinner dielectrics, assuming a constant voltage applied
thereacross.

For these reasons, the power supply voltages applied
to such high density VLSI devices including dRAMs,
other memories, and logic devices, are preferably re-
duced as the feature sizes decrease. In addition, since
the power dissipation of the chip increases with increas-
~ing numbers of components integrated into the chip, a
reduced power supply voltage would also reduce the
device power dissipation. Many other circuits may still
use a higher power supply voltages (e.g., 5 volts nomi-
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nally) than is desired by the high density components
described above (e.g., 3.3 volts), which makes the de-
signer of systems incorporating these devices reluctant
to provide an additional power supply in the system,
due to the cost of such other supplies and the routing of
an additional bias voltage.

It should also be noted that it is desirable that the
performance of the integrated circuit should not vary
strongly with the power supply voltage applied thereto,
as such variation may increase the cost of production
testing of the chip during its manufacture, but such
variation may also cause system-level problems for the
user.

Furthermore, in the field of dRAM devices, due to
the large amount of thin capacitor dielectric on each
device, manufacturers generally perform a “burn-in”
operation during the test process of the chips. Burn-in is
intended to stress the devices both by voltage and by
temperature so that weak devices are removed from the
population which 1s shipped to the user of the devices
(1.e.,, removing the “infant mortality” portion of the
reliability curve). On-chip regulation of the bias voltage
for the memory array, for example, will preclude the
direct application of the power supply voltage to the
capacitors, however.

‘Referring first to FIG. 1, a power supply regulation
system according to the prior art will be described
detail. The system of FIG. 1 provides a regulated volt-
age to memory array 125 when the circuit is biased at
nominal V 7 power supply voltages (e.g., from 4.5 volts
to 6.0 volts) and provides a stress voltage to array 125
when a higher Vg4 level (e.g., above 6.0 volts) is ap-
plied, for example during such a burn-in operation.
Reference voltage generator circuit 121, according to
conventional designs such as a bandgap reference cir-
cuit and a voltage multiplier circuit, provides a regu-
lated voltage on line MV A’ to one input of comparator
driver 122 and to stress, or burn-in, voltage generator
circuit 115. The voltage on line MV A’ is preferably at
a voltage which 1s less than the nominal Vg4 power
supply level during normal operation. For example, the
voltage on line MV A' can be on the order of 3.3 volts.

Comparator driver 122 is of conventional design, and
receives at 1ts other input line VBIN' from burn-in volt-
age generator circuit 115. Comparator driver 122 in the
system of FIG. 1 according to the prior art is con-
structed conventionally in such a fashion that array 125
1s biased by the voltage which is the greater of the
voltage on line MV A’ and the voltage on line VBIN',

Burn-in voltage generator circuit 118 according to
the prior art system of FIG. 1 includes a differential
amplifier 155 constructed according to a conventional
design, including for example an n-channel MOS differ-
ential amplifier with a p-channel current mirror active
load. Differential amplifier 155 is biased by an n-channel
current source, which in turn 1s biased by a low voltage
on line VREF, generated by reference voltage genera-
tor circuit 121. The second input to differential ampli-
fier 155 1s a voltage which i1s substantially three p-chan-
nel threshold voltages (i.e., 3 V) below Vg, due to the
series connection of p-channel transistors 150 between
Vaq and the second input to different amplifier 155.
Accordingly, the output of differential amplifier 155 on
line VBIN' 1s at a high voltage when the value of Vg
less 3 V,1s greater than the voltage on line MVA’ from
reference voltage generator circuit 121.

The operation of the prior art system of FIG. 1 1s
illustrated by the dotted line portion of the transfer
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characternistic of FIG. 9. When the external power sup-
ply voltage V44 1s above a certain level for operation,
but below a value of approximately 6.3 volts, in this
example, the bias of array 125 is at the voltage of line
MVA', which in this case is on the order of 3.3 volts, as

generated by reference voltage generator circtui 121.
However, when V4 exceeds the voltage on line MV A’

by 3 Vi (V4 1n this example being on the order of 1.0
volts), differential amplifier 185 will drive line VBIN' to
the higher voltage of Vygless 3 V5. Comparator driver
122 will, in turn, present this higher voltage to array
125. As the external power supply voltage V44 contin-
ues to rise, the voltage applied to array 125 also rises,
following the transfer characteristic shown by the dot-
ted line in FIG. 9. In this way, the system of FIG. 1
according to the prior art can apply a stress voltage to
array 125 which varies with Vg4, so that a burn-in or
other stress operation can be performed.

The system of FIG. 1 has limitations in its flexibility
of operation, however. If, for example, a certain high
stress voltage were desired to be applied to array 125,
for example, a stress voltage on the order of 7.0 volts,
according to the above-described example, an external
Vaa voltage of 10.0 volts is necessary. However, mod-
ern sub-micron transistors may not be capable of with-
standing the stress of a 10.0 volt bias, and while the
array in the system of FIG. 1 would not receive such a
high voltage due to the operation of the system, there
would be transistors in the periphery of the device
(e.g., those transistors in reference voltage generator
121 and in burn-in voltage generator circuit 115) which
are biased directly by V4. Limitations on the voltage
applied to these transistors could thus limit the maxi-
mum stress voltage which the system of FIG. 1 could

apply to array 1285.
In order to apply such a high stress voltage to array

125 according to the system of FIG. 1 without damag-
Ing peripheral transistors, the designer of the system
could reduce the number of transistors 150 in burn-in
voltage generator circuit 115, so that the difference
between Vy s and the voltage of line VBIN' during
stress conditions would be reduced. By reducing the
number of transistors 150 in burn-in voltage generator
circuit to two, for example, a 7.0 volt stress bias could
be applied to array 125 with only 9.0 volts applied to
Vaqa. However, if the number of transistors 150 in the
system of FIG. 1 were reduced to two, the system
would apply the stress voltage at a lower level of Vg,
in this case when Vg was 2 V,, over the voltage on line
MVA' With a V,;; on the order of 1.0 volts and the
voltage on line MV A’ at 3.3 volts in this example, the
stress condition would be applied to array 125 when
Viqdexceeded 5.3 volts. Since a Vg 0f 5.3 volts is within
the specified normal operating range of V44 for conven-
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burn-in voltage generator circuit 115 would result in
stress of array 125 during normal operation.

It should therefore be evident that the system of FIG.
1 provides quite limited flexibility to the designer of the
circuit using such a power regulation system, especially
in selecting a stress voltage.

In addition, VLSI devices including small feature
sizes as descnbed above also may be damaged by over-
voltage conditions which are inadvertently applied to
the device by the user, or duning test operations. Fur-
thermore, since complementary MOS (i.e., CMOS)
technology 1s now commonly used in VLSI circuits due
to its reduced power dissipation and fast performance,
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latchup of CMOS structures at excessive power supply
voltages, due to the parasitic thyristors inherent in
CMOS, 1s also a concern.

It is therefore an object of this invention to provide

an on-chip system for regulating the power supply voit-
age applied to various portions of a large scale inte-
grated circuit.

It i1s therefore another object of this invention to
provide such an on-chip system for regulating its inter-
nal bias voltages so that the performance of the chip is
relatively stable with respect to the power supply volt-
age.

It 1s therefore another object of this invention to
provide such a system which can apply a stress voltage
to portions of the device, responsive to the power sup-
ply voltage applied externally to the device.

It 1s therefore another object of this invention to
provide such a system which allows the stress voltage
to be determined independently from the regulated
internal bias voltage.

It 1s therefore another object of this invention to
provide such a system which clamps internal bias volt-
ages responsive to an excessive externally applied
power supply voltage.

Other objects and advantages of this invention will be
apparent to those of ordinary skill in the art having
reference to the following specification, together with
the drawings.

SUMMARY OF THE INVENTION

The 1nvention may be incorporated into a power
distribution system on an integrated circuit. A detection
circuit 1s provided which detects an overvoltage condi-
tion and generates a signai indicating this condition. A
multiplexer i1s controlled by this signal in such a manner
that a clamped voltage 1s applied to the functional por-
tion of the integrated circuit, so that excessive voltage
does not reach the functional circuitry. The invention
may further include the generation of a stress voltage
which vanes with the externally applied power supply
value, so that an accelerated voltage may be applied to
the circuit. A detection circuit for the stress voltage
presents a signal so that the varying stress voltage is
applied when the external power supply voltage is
above a certain value, but below the clamping value. A
regulated power supply voltage may be generated on
chip, so that the performance of the circuit is stable with
respect to the external power supply voltage below the
stress volitage ievel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical diagram, in block form, of a
power supply distribution system according to the prior
art.

FIG. 2 1s an electrical diagram, in block form, of the
power supply distribution system in the preferred em-
bodiment of the invention.

FIG. 3 1s an electrical diagram, in schematic form, of
a driver 1n the circuit of FIG. 2.

FIG. 4 1s an electrical diagram, in schematic form, of
an embodiment of a burn-in voltage detection circuit in
the system of FIG. 2.

FIG. § 1s an electrical diagram, in schematic form, of
an embodiment of a burn-in voltage generation circuit
in the system of FIG. 2.

FIG. 6 1s an electrical diagram, in schematic form, of
an embodiment of an overvoltage detection circuit in

the system of FIG. 2.
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FIG. 7 is an electrical diagram, in schematic form, of

an embodiment of the power supply clamp circuit in the
system of FIG. 2.

FIG. 8 is an electrical diagram, in schematic form, of

an embodiment of a multiplexer in the system of FIG. 2.

FIG. 9 1s a DC transfer characteristic comparing the
operation of the systems of FIGS. 1 and 2 as a function
of the external applied power supply voltage.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 2, a preferred embodiment of
the power supply regulation system in an integrated
circuit according to this invention will now be de-
scribed. It should be noted that this embodiment of the
invention is preferably included in the same integrated
circuit chip as the functional chip to be controlled
thereby. The example of an integrated circuit chip using
the system of FIG. 2 is a dynamic random access mem-
ory (dRAM) having a memory array 23 and peripheral
circuitry 27. It will of course be apparent that the power
supply reguiation system described herein will be equiv-
alently applicable to other integrated circuit types, in-
cluding other types of memories and VLSI logic cir-
cuits.

In this embodiment, different bias voltages are used
for array 25 (including some circuitry associated there-
with, such as sense amplifiers, hereinafter collectively
referred to as array 25) and for periphery 27. It may be
desirable, as in this case, that a bias voltage which is
below the externally applied voltage V44 bias array 25,
so that the power dissipation by the array and also the
time-dependent dielectric breakdown of the capacitor
dielectric in the dRAM array 25 is reduced. In this
example, since the performance of peripheral circuitry
27 directly affects the performance of the memory de-
vice, 1t may be preferable to bias periphery 27 with a
voltage which is higher than that used to bias array 25.
Accordingly, 1n the system of FIG. 2, memory array 25
1s biased by the voltage on line RV A, and the peripheral
circuitry is biased by the voltage on line RVP. It should
of course be noted that the present invention may equiv-
alently apply to integrated circuits having the whole of
the functional circuitry (e.g., in the case of a memory
device, both array 25 and periphery 27) biased at the
same voltage. However, due to the benefits of both
reduced power dissipation through array 25 and the
improved performance of higher bias for periphery 27,
this embodiment provides for different bias thereto.

Bandgap reference circuit 20 and multiplier circuit 21
generate voltages on lines MVA and MVP, respec-
tively, for biasing array 25 and periphery 27, respec-
tively, during normal operation. Many such bandgap
voltage reference generator circuits are well known in
the art, and accordingly bandgap circuit 20 will not be
further described herein. The output of bandgap refer-
ence circuit 20 is a reference voltage Vger (not shown
in FIG. 2) which is presented to voltage multiplier
circuit 21. Voltage multiplier circuit 21 may be con-
structed according to one of many conventional config-
urations, and generates, in this example, two output
voltages from the voltage V ggr, one on line MV A and
the other on line MVP. For example, the voltage on line
MV A may be on the order of 3.3 volts, while the volt-
age on line MVP may be on the order of 4.0 volts.

Burn-in voltage generator circuit 5 generates a volt-
age on line VLBIN which varies with the externally
applied power supply voltage V4. V44 clamp circuit 7

5]
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6

provides, on line VCIL.MP, a voltage which is clamped
to a fixed level once the external voltage V gz exceeds a
certain value, as detected by high V44 detection circuit
9. Line MV A, together with lines VLBIN and VCLMP
are connected to inputs of Vgrrqy multiplexer 11. Simi-
larly, line MVP, together with lines VLBIN and
VCLMP, are connected to inputs of V., multiplexer
13.

V array multiplexer 11 applies at its output, on line VA,
the voltage from one of lines MVA, VLBIN, and
VCLMP, responsive to control signals on line BINEN
from burn-in voltage detection circuit 15, and on line
CLMPEN from high V4 detection circuit 9. Similarly,
V peri multiplexer 13 applies the voltage on line VP from
one of lines MVP, VLBIN, and VCLMP, depending
upon the signals on lines BINEN and CLMPEN.

The voltage on lines VA and VP are each connected
to two drivers 22 and 24. It should be noted that, de-

pending upon the distances involved, it may be prefera-
ble to provide unity-gain buffers between multiplexers
11 and 13, and dnivers 22 and 24. A preferred example
of such a unity-gain buffer is described in copending
application Ser. No. 493,085 filed Mar. 12, 1990, as-
signed to Texas Instruments Incorporated and incorpo-
rated herein by this reference. Main drivers 224 and 22p
are provided to bias array 25 and periphery 27, respec-
tively, during active operation, while standby drivers
24 4 and 24pare provided to bias array 25 and periphery
27, respectively, when the circuit.is in a standby condi-
tion. A substrate pump 29 is also provided for biasing
the substrate of array 25 and periphery 27 with a back-
gate bias Vs Substrate pump 29 may be constructed
according to one of many conventional configurations
for generating a bias voltage below Vg, or ground.
Examples of conventional substrate pumps are de-
scribed in U.S. Pat. No. 4,585,954, issued Apr. 29, 1986,
U.S. Pat. No. 4,628,215, issued Dec. 9, 1986, and in U.S.
Pat. No. 4,631,421, issued Dec. 23, 1986, all assigned to
Texas Instruments Incorporated and incorporated
herein by this reference. In the alternative, Vyp may be
provided to an external terminal of the integrated cir-
cuit.

The Vi voltage is also connected to a substrate bias
detection circuit 1 as well, so that its voltage can be
detected. A preferred example of substrate bias detec-
tion circuit 1 is described in my copending application
Ser. No. 475,061, filed Feb. 5, 1990, assigned to Texas
Instruments Incorporated and incorporated herein by
this reference. In this preferred embodiment of the in-
vention, drivers 22 and 24 are responsive to substrate
bias detection circuit 1 so that array 2§ and periphery 27
are powered down in the event of loss of substrate bias.
This powering-down of array 25 and periphery 27 pro-
tects those portions of the integrated circuit from dam-
age due to latchup of the parasitic SCR inherent in
CMOS structures. Of course, for purposes of the pres-
ent invention, the powering down of the circuit respon-
stve to loss of substrate bias, and accordingly the provi-
sion of substrate bias detection circuit 1, is merely op-
tional.

Besides recetving the voltage on its associated one of
lines V4 and V p, each of drivers 22 and 24 also receive
a signal on line VBBO0_ from detection circuit 1. In this
example, as described above, line VBB0_ will have a
low logic level in the event that the substrate bias Vg is
insufficient, as measured against V. Each of drivers 22
and 24 are biased by Vg 7 (not shown), which is exter-
nally presented to the chip, as well as by the voltages
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V4 and Vp generated by multiplier circuit 22. Lines
Vi4, Vs, Vip and Vpsare received by drivers 224,
244, 22p and 24p, respectively, and serve as enable sig-
nals thereto. Main drivers 224 and 22p are enabled and
disabled by signals on lines V4 and V[ p, respectively,
so that they bias their respective portions of the circuit
only during active operations, and are disabled during
such time as the device is in a standby state. In the

example of a conventional dRAM device, enabling
signals on lines V7 4and Vpcan be generated from the

row address strobe (RAS_) signal, so that main drivers
22 are active only during the active portions of memory
cycles.

Standby dnivers 244 and 24p are preferably similarly
constructed as main dnivers 224 and 22p, only with
smaller transistors so that the current drawn there-
through, and the power dissipated thereby, is reduced
during such standby times. It should be noted that lines

Vi4sand V7 pscan allow the enabling and disabling of

standby dnivers 244 and 24p, respectively, so that they
can be disabled during such time as main drivers 224
and 22p are active. However, due to the low current
draw of standby drivers 24, it i1s preferable to keep
standby drivers 24 enabled during all cycles (both ac-
tive and standby), so that the control logic is minimized.

Referring now to FIG. 3, the construction of driver
22A will be described in detail. It should be noted that
each of dnivers 22 and 24, whether associated with
array 25 or peniphery 27, can be constructed according
to the circuit of FIG. 3, or of course according to other
conventional designs for voltage driver circuits. The
circutt of FIG. 3 is particularly adapted for having its
output disabled in the event of loss of substrate bias,
communicated thereto by way of line VBB0_. from
substrate bias detection circuit 1.

As shown 1n FIG. 3, dniver 224 receives the exter-
nally provided V44 supply, a voltage on line V4, and
signals on lines Vy4 and VBBO_.. Line RV A is the
output of dniver 224, and is driven by the drains of

p-channel transistor 30 and n-channel transistor 32 con- 40

nected in push-pull fashion. The source of p-channel
transistor 30 is biased by V44, and its gate is connected
to node 34; the source of n-channel transistor 32 is at
ground, and its gate 1s controlled by line V4. Since the
discharging of line RVA through transistor 32 can
occur quite slowly, the size of transistor 32 can be quite
small relative to transistor 30. It should be noted that
n-channel transistor 32 is preferably much smaller than
p-channel transistor 30, so that with both transistors in
the on-state, the power dissipation therethrough will be
minimized. For example, the W/L ratio of transistor 32
can be on the order of 0.01, while the W/L ratio of
transistor 30 can be on the order of 50 to 100.
Comparator 40 drives node 34 with a voltage depend-
ing upon the level of line V 4 relative to the level of line
RVA dniven by main drniver 224 Comparator 40 is
configured according to conventional techniques, with
the n-channel MOS differential amplifier of transistors
42 and 44 having a current mirror active load of transis-
tors 48 and 49. Line V 415 connected to comparator 40
via its connection to the gate of n-channel transistor 42,
to provide a reference voltage to comparator 40. N-
channel transistor 44 has its gate connected to line
RV A, to provide feedback to comparator 40. Line V4
1S connected to the gate of n-channel transistor 46,
which has its drain connected to the sources of transis-
tors 42 and 44, and has its source connected to ground.
P-channel transistor 48 has its source biased at V44, and
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has its drain connected to the drain of transistor 44.
Similarly, p-channel transistor 49 has its source biased at
V44 and has 1ts drain connected to the drain of transistor
42. The gates of transistors 48 and 49 are connected to
the drains of transistors 48 and 44. The drains of transis-
tors 49 and 42 are connected to node 34, which controls
the gate of p-channel pull-up transistor 30.

In comparator 40, the sizes (i.e., W/L ratios) of cer-

tain transistor pairs are preferably well matched so that
the voltages V 4and V ppresented by voltage multiplier

2 are indeed the voltages applied to the array, sense
amplifiers, and periphery by the drivers 22 and 24. In
comparator 40 of FIG. 3, the W/L ratios of transistors
42 and 44 are preferably matched to one another (for
example, with W/L on the order of 10), and the ratios
of transistors 48 and 49 are preferably well matched (for
example, with W/L on the order of 15 to 20).

Also included in main driver 224, according to this
embodiment of the invention, is disable circuit 36,
which also controls node 34. Disable circuit 36 includes
a p-channel transistor 38, with its source biased by V4
and its drain connected to node 34. Line VBBO_ is
connected to the gate of p-channel transistor 38. P-
channel transistor 39 has its source-to-drain path con-
nected between Vs and the gate of transistor 38, and
has 1ts gate biased to ground. This actively pulls up the
gate of transistor 38, holding transistor 38 in the off state
in the event that line VBBO.. for some reason floats.
Transistor 39 1s quite small (W/L on the order of 0.5,
for example), so that a low logic state driven by sub-
strate bias detection circuit 1 can easily overcome the
drive of transistor 39. As noted above, the inclusion of
disable circuit 36, responsive to the signal on line
VBBO0._, 1s optional.

In operation, comparator 40 is enabled by line V4
being at a high logic level. With line V4 high, transis-
tor 46 1s turned on, and acts as a current source to
ground. The sources of transistors 42 and 44 are pulled
by transistor 46 to a voltage which is an n-channel
threshold voltage (V) below the voltage at lines V4
and RV A, respectively. This allows transistors 42 and
44 to be conductive responsive to voltages applied to
their respective gates, enabling the operation of com-
parator 40 to apply a voltage to node 34 which is based
on the voltage on line V 4 from multiplier 21.

Also 1in normal operation, with sufficiently negative
Ve blas at the substrate of the device, line VBBO__ is
dniven to a high logic level by substrate bias detection
circuit 1. This ensures that transistor 38 is turned off,
which disconnects disable circuit 36 from node 34. It
should be noted that transistor 39 is always in an on-
state with a positive V44, which ensures that the gate of
transistor 38 remains at a high voltage even in the ab-
sence of a driven signal from substrate bias detection
circuit 1 on line VBBO__.

As noted above, with main driver 22 4selected by line
Y 4 at a high logic level, transistor 46 acts as a current
source in comparator 40. Beginning with line RVA at a
voltage below line V 4, transistor 42 will be more con-
ductive than will transistor 44, due to the voitage on
line V 4 being higher than the voltage on line RVA.
Accordingly, the bulk of the current through current
source transistor 46 will be drawn by transistors 49 and
42, rather than by transistors 48 and 44. In order to
satisfy the transistor current-voltage relationships, the
high current passing through transistor 49 relative to
transistor 48 will cause the voltage at the drain of tran-
sistor 48 to rise toward Vg4, and will cause the voltage
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at the drain of transistor 49 to fall toward ground. With
the drains of transistors 42 and 49 at node 34 falling,
transistor 30 will become more conductive, pulling line
RV A toward Vg,.

As line RV A is pulled toward Vg, transistor 44 will
tend to conduct more current. This will in turn draw
more current through transistor 48 and less current
through transistor 49, which in turn will cause the volt-
age at the drains of transistors 49 and 42 at node 34 to
rise as the current therethrough is reduced. As node 34
rises, transistor 30 becomes less conductive, and the
voltage at line RV A will fall via transistor 32.

As discussed above, it is preferable that transistors 42
and 44 be closely matched to one another, and that
transistors 48 and 49 also be closely matched to one
another. With adequate matching of these transistor
pairs, the operation of comparator 40 will tend toward
a point where the current passing through transistors 42
and 49 will match the current passing through transistor
44 and 48, with the gate-to-source voltages of transis-
tors 48 and 49 becoming equal. Accordingly, compara-
tor 40 will, 1n the steady-state, reach the operating con-
dition where the voltage at line RV A equals the voltage
at line V 4. Main drive 224, when enabled by line V4,

thus will drive array 25 according to the voltage on line
V 4, which in this case is on the order of 3.3 volts.

In the event that main driver 224 is to be disabled,
such as during a standby operation, line V4 will be at
a low logic level. This will turn off transistor 46, dis-
abling the operation of comparator 40. Transistor 49
will pull node 34 to Vy; with transistor 46 off, which
will turn off transistor 30. Transistor 32 is also turned
off by line V4 at a low logic level. With both transis-
tors 30 and 32 turned off, main driver 224 thus presents
a high impedance to line RV A, allowing standby driver
244 to drive line RV A and to bias array 25, without
main dniver 224 loading line RV A.

With main driver 224 of FIG. 3 enabled by line V4
at a high logic level, disable circuit 36 is operabie to shut
down the bias on line RV A. In the event that the volt-
age Vpp at the substrate of the integrated circuit rises
sufficiently toward the voltage of V that substrate bias
detection circuit 1 switches, as described hereinabove, a
low logic level will be presented thereby on line
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VBBO_.. This will turn on transistor 38, causing the 45

voltage V44 to be placed at node 34. This will turn off
transistor 30, so that line RVA which is communicated
to the remainder of the circuit (in this case array 25 of
a memory device) cannot be driven to V47 by transistor
30. In this example, bias to periphery 27 of the memory
device is also removed by the similar operation of driv-
ers 22p and 24pin the event of loss of substrate bias.

Alternative, it may be preferable to place the output
of main driver 224 in a high impedance condition when
substrate bias is lost, rather than to pull it low via tran-
sistor 32 as described above. This may be accomplished
by using the output of substrate bias detection circuit 1
to also gate the signal on line V4, so that line V7 4is
driven to a low logic level responsive to substrate bias
detection circuit 1 detecting loss of adequate substrate
bias. Such gating of line V4, as well as the use of the
output of substrate bias detection circuit 1 to enable or
disable other signals in the integrated circuit, will be
apparent to one of ordinary skill in the art from this
description.

Accordingly, the remainder of the circuit can be
disabled in the event that a low logic level signal is
received on line VBBO__. Without positive bias to those
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portions of the circuit biased by drivers 22 and 24, those
portions of the circuit cannot enter the latch-up condi-
tion even with zero substrate bias. In this way, the loss
of substrate bias is communicated by substrate bias de-
tection circuit 1 to the remainder of the circuit, dis-
abling the circuit so that a latchup condition cannot
occur with the substrate bias lost.

Referring now to FIG. 4, the construction and opera-
tion of burn-in voltage detection circuit 15 will be de-
scribed in detail. The function of burn-in voltage detec-
tion circuit 15 is to compare the external power supply
voltage V g7against a reference voltage, and to generate
output signals on lines BINEN and BINEN_. to control
voltage multiplexers 11 and 13. In this embodiment, the
burn-in voltage VLBIN is to be selected for application
to array 25 and periphery 27 when power supply volt-
age V4q41s approximately 3.5 volts above the voltage of
line MV A (which, in this case, is approximately at 3.3
voits). It should be noted that burn-in voltage detection
circuit 15 is constructed similarly as burn-in voltage
generator circuit 115 in the prior art system of FIG. 1.

In detection circuit 15, a chain of series-connected
p-channel transistors 50 are connected between V4, and
the drain of an n-channel pull-down transistor 52. The

top transistor 50 in the chain has its source connected to
Va4, and the bottom transistor 50 in the chain has its

drain connected to the drain of n-channel transistor 52,
at node 31. Each transistor 50 in the chain has its gate
connected to its drain, so as to be in its saturation region
of operation, and has its substrate node connected to its
source. The number of transistors 50 in the series-con-
nected chain is determined by the Vg7 voltage, relative
to the voltage on line MV A, at which the BINEN sig-
nal i1s to be generated. In this example, three transistors
50 are in the chain, so that the BINEN signal is gener-
ated when power supply voltage Vg7 exceeds the volt-
age on line MV A by three times the threshold voitage
Vp of transistors 50. The threshold voltage V, of each
transistor 50 in this example is on the order of 1.0 V, of
each transistor 50 in this example is on the order of 1.0
volt.

Pull-down n-channel transistor has its source biased
to ground, and has its gate biased by a reference voltage
on line VREF. As noted above, line VREF carries a
voltage generated by bandgap reference circuit 20,
which in this case is on the order of 1.1 volts. In addi-
tion, transistor 52 is relatively small, with a W/L ratio
on the order of 0.04, while the W/L ratio of each of
transistors 50 is on the order of 2.0. Transistor 52 thus
provides a pull-down load at node 51, ensuring a proper
potential thereat.

Node 51 is connected to the gate of n-channel! transis-
tor 38 in comparator 55. Comparator 55, similarly as
comparator 40 described hereinabove, includes in this
embodiment an n-channel differential amplifier formed
by transistors 58 and 60, together with a p-channel
active current mirror load formed by transistors 54 and
56. N-channel transistor 62 acts as a current source in
comparator 35, and has its drain connected to the
sources of transistors 58 and 60, has its source con-
nected to ground, and has its gate biased by line BIAS.
Line BIAS presents a voltage to transistor 62 which is
determined in such a manner that the current drawn by
comparator 33 1s sufficient for its operation, but which
Is not excessive, thus reducing the power consumption
of detection circuit 15. The voltage of line BIAS is
preferably lower than the voltage on line VREF (and
thus can be generated therefrom by way of a voltage
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divider of the like), but above the threshold voltage of

transistor 62.

P-channel transistors 54 and 56 each have their
sources biased by power supply voltage V4, and have
their gates tied together and to the drain of transistor 54,
which is connected to the drain of transistor 58. The
drain of transistor 56 is connected to the drain of transis-
tor 60, and to the input of inverter 64. The gate of tran-
sistor 60 is connected to line MV A, so that comparator
35 1s operable to compare the voltage on line MV A to
the voltage at node 51. Inverter 64 has its output con-
nected to the input of inverter 66, which generates a
signal on line BINEN at its output; the input of another
inverter 68 is connected to the output of inverter 66, and
the output of inverter 68 presents a signal on line
BINEN_ at its output.

In operation, comparator 55 compares the voltage at
node 51, which is power supply voltage Vg4 less three
V5, against the voltage on line MV A, which in this
example 1s approximately 3.3 volts. With the voltage
(Vda-3 V) below the voltage on line MV A, the gate-
to-source voltage of transistor 58 will be lower than the
gate-to-source voltage of transistor 60. With transistor
62 acting as a current source, the bulk of the current in
the two legs of comparator 55 will be drawn by transis-
tors 36 and 60, rather than by transistors 54 and 58. This
will cause a low level to be presented at the input of
inverter 64, which in turn will generate a low level on
line BINEN at the output of inverter 66, and a high
level on line BINEN__ at the output of inverter 68. This
state of lines BINEN and BINEN_. indicates that the
externally applied power supply voltage V4 is below
the level at which the burn-in voltage VLBIN (see FIG.
2) 1s to be applied to array 25 and periphery 27.

It should be noted that the output of comparator 55,
connected to the input of inverter 64, will not swing
fully between V zand ground responsive to the relative
levels of Vg (less 3 Vi) and line MV AL Accordingly, it
1s preferable that inverter 64 be constructed as a CMOS
inverter, with the n-channel pull-down transistor signif-
icantly larger than the p-channel pull-up transistor
(W/L ratios on the order of 15 and 4, respectively).
This will allow the output of inverter 64 to more
quickly make a high-to-low transition than it makes a
low-to-high transition, and with a trip point at the
proper level so that lines BINEN and BINEN__respond
quickly to the application of a stress voltage at V4.

In the event that power supply voltage V44 rises to
sufficient potential so that the quantity (Vg4-3 V) at
node 51 exceeds the voltage on line MV A, transistor 58
In comparator 55 will conduct more than will transistor
60. Due to the action of the current mirror active load
of transistors 54 and 56, the drains of transistors 56 and
60 will be driven toward V4. This will present a high
logic level to the input of inverter 64, which in turn will
generate a high logic level on line BINEN at the output
of inverter 66 and a low logic level on line BINEN_ at
the output of inverter 68. As will be described in further
detail hereinbelow, these states on lines BINEN and
BINEN__ will cause the voltage VLBIN to be applied
to array 25 and perniphery 27 of the memory device, in
this embodiment.

Refernng now to FIG. §, the construction and opera-
‘tion of burn-in voltage generator circuit 5 will be de-
scribed in detaill. Bumn-in voltage generator circuit 5
generates, on line VLBIN, a voltage based upon the
externally applied power supply voitage Vg .. In this
embodiment, burn-in voltage generator circuit includes
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n-channel transistor 67 which has its source biased to
ground, has its drain connected to line VLBIN, and has
its gate biased by line BIAS. Line BIAS, as in burn-in
voltage detection circuit 15, is a relatively low voitage
which biases transistor 67 to act as a current source.
Transistor 67 is preferably a relatively small transistor,
having a W/L ratio on the order of 0.03, so that the DC
current drawn by burn-in voltage generator circuit § is
minimized.

Burn-in voltage generator circuit § also includes two
p-channel transistors 69 which have their source-to-
drain paths connected in series between line VLBIN
and V44. Each of transistors 69 has its gate connected to
its drain, and its substrate node connected to its source.
Accordingly, similarly as in burn-in voltage detection
circuit 15, the voitage at line VLBIN will be at approxi-
mately Vg4q less, in this embodiment, two p-channel
threshold voltages V. In this example, since Vipis on
the order of 1.0 volts, the voltage on line VLBIN is
approximately two volts below V 44. Of course, more or
fewer transistors 69 may be used in the series chain of
burn-in voltage generator circuit 5, depending upon the
desired difference between Vjzand the burn-in voitage
on line VLBIN, and upon the threshold voltage of
transistors 69.

Referring now to FIG. 6, the construction of high
V44 detection circuit 9 according to the preferred em-
bodiment of the invention will be described in detail.
High V g4 detection circuit 9 is described in detail in my
copending application Ser. No. 453,550 filed Dec. 20,
1989, assigned to Texas Instruments Incorporated and
incorporated herein by this reference. High V44 detec-
tion circuit 9 is biased by externally applied power sup-
ply voltage V44, and will generate a signal on line
CLMPEN responsive to Vg exceeding a particular
value, as will be described in further detail hereinbelow.

V 44 birases the source and substrate node of a p-chan-
nel transistor 70. P-channel transistor 70 has its gate tied
to its drain. A series of p-channel transistors 72, 74, and
76 are connected in series with p-channel transistor 70,
all similarly configured (i.e.,, each with its substrate
node tied to i1ts source, and its gate tied to its drain).
P-channel transistors 70, 72, 74, and 76 thus form a
series of transistors operating in the saturation region,
and having current-voltage characternistics similar to
that of a diode, with a voltage drop thereacross approxi-
mately at the threshold voltage of the transistor (V).
Accordingly, the connection of transistors 70, 72, 74
and 76 in FIG. 6 is commonly referred to as the diode
configuration for MOS transistors. The source of the
top transistor 70 is connected to terminal V4, and its
drain is connected to the source of transistor 72. The
other transistors 74 and 76 are similarly connected
drain-to-source in series, with the drain and gate of
transistor 76 at node 78. The W/L ratios of transistors
70, 72, 74 and 76 are preferably the same, and are prefer-
ably quite large, for example at a value on the order of
100. Transistors 70, 72, 74 and 76 thus cause the voltage
at node 78 to have a value which is approximately the
voltage at Vg4 less, in this example, the sum of the
threshold voltages transistors 70, 72, 74 and 76.

It will of course be apparent that more or fewer tran-
sistors than the four transistors 70, 72, 74 and 76 may be
used to form the senes of load devices, with the number
of load devices depending upon the voltage values,
relative to the voltage on line MVP, at which transi-
tions of the output of the circuit are desired. In addition,
it should be noted that other types of load devices, for
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example simple p-n junction diodes, may alternatively
be used in place of transistors 70, 72, 74 and 76 config-
ured as diodes. The choice of diode type will, of course,
depend upon ease of fabrication and other factors.

Node 78 1s connected to the source of a p-channel
drive transistor 80. The gate of transistor 78 is con-
nected to line MVP, and the drain of drive transistor 78
1s connected to the gates of transistors 82p and 82n,
which form a CMOS inverter. The source of p-channel
transistor 82p 1s connected to line MVP, the source of
n-channel transistor is connected to ground, and the
drains of transistors 822 and 82p are connected together
in the conventional manner for a CMOS inverter. The
relative sizes of transistors 82n and 82p may be set to
have the desired switching characteristic for the partic-
ular circuit application, for example with the width-to-
length ratio of transistor 82p twice that of transistor 82n,
due to the difference in mobility between p-channel and
n-channel transistors. However, it should be noted that
the relative sizes of transistors 82n and 82p are not of
particular importance in practicing the instant inven-
tion.

The drains of transistors 827 and 82p are connected to
the input of CMOS inverter 84. CMOS inverter 84 is
similarly constructed as the tnverter formed by transis-
tors 82p and 82n, and 1s preferably biased by line RVP.
The output of inverter 84 is connected to the gates of
transistors 86p and 86n, which form another CMOS
inverter.

In the inverter formed by transistors 86p and 86n, the
source of transistor 86p is biased by V44, the source of
transistor 86n is connected to ground, and the drains of
transistors 86p and 867 are connected together. It is
preferable, in this embodiment, that the W/L ratio of
transistor 86n be much larger than that of transistor 86p.
For example, transistor 867 may have a W/L of about
135, while the W/L ratio of transistor 86p may be on the
order of 4. This relationship between the sizes of transis-
tors 86n and 86p is preferred so that the output node at
the drains of transistors 862 and 86p will make a high-to-
low transition much faster than it will make a low-to-
high transition. This provides a fast response to the Vg4
power supply voltage exceeding the positive-going trip
point, and also provides additional stability by slowing
the response of the circuit for the negative-going transi-
tion.

- The drains of transistors 86n and 86p are connected to
the input of an inverter 88, which also is biased by V4.
The output of inverter 88 is connected, in turn, to the
input of inverter 90, which is also biased by Vg4 The
output of inverter 90 is connected to line CLMPEN__;
the output of inverter 88 drives line CLMPEN, which
of course is the logical compiement of line CLMPEN_
due to the operation of inverter 90. In this embodiment,
a low logic level signal is desired on line CLMPEN_
responsive to Vg4 exceeding a defined value greater
than the voltage on line RVP, as will be described here-
inbelow.

According to this embodiment of the invention, p-
channel transistor 92 provides feedback to the series
chain of transistors 70, 72, 74 and 76. The source and
substrate node of transistor 92 is connected to the
source of one of the transistors in the chain, in this case
transistor 74. The drain of transistor 92 is connected to
the source of another transistor in the chain, in this case
the source of transistor 76. The gate of transistor 92 is
connected to a pomnt in the output buffer chain in such
a manner that transistor 92 is conductive responsive to
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V44 being above the desired threshold. In this example,
the gate of transistor 92 is connected to the drains of
transistors 86p and 86n.

The purpose of transistor 92 is to change the electri-
cal length of the series chain of transistors 70, 72, 74 and
76, responsive to power supply voltage Vyg. In the
example of FIG. 6, when transistor 92 is conductive,
transistor 74 1s shorted out by transistor 92, so that only
three transistors are electrically in series between V4
and node 18, instead of all four transistors 70, 72, 74 and
76 which are electrically in series when transistor 92 is
off. Of course, the source-to-drain path of feedback
transistor 92 can alternatively be connected across a
different one of transistors 70, 72, 74 and 76 to achieve
the same hysteresis effect as will be described hereinbe-
low. In addition, feedback transistor 92 may be con-
nected across more than one transistor 70, 72, 74 and 76
in the chain, if the hysteresis loop in the transfer charac-
teristic 1s desired to be wider.

The source/drain path of n-channel transistor 81 is
connected between the drain of transistor 80 and
ground. The gate of transistor 81 is controlled by line
MVP. Transistor 81 ensures that the node at the gates of
transistors 82p and 82n is fully discharged when Vg is
below the detection value. In this embodiment, when
V44 1s below the trip point, transistor 80 will remain in
the off condition and transistor 81 will be conductive, so
that the logic state at the gates of transistors 82» and 82p
1s at a defined low level. Since transistor 81 remains on
even when transistor 80 is on (i.e., when an overvoltage
condition 1s detected), due to its gate being at the volt-
age of line MVP, the W/L ratio of transistor 81 is pref-
erably much smaller than the W/L ratio of transistor 80.
In the preferred embodiment, the W/L ratio of transis-
tor 80 1s on the order of 100, while the W/L ratio of
transistor 81 is on the order of 0.05. This small W/L
ratio for transistor 81 thus minimizes the DC current
drawn from Vg4 through transistors 70, 72, 74, 76, 80
and 82 to ground.

In operation, transistor 80 will remain in the off state
until the voltage at its drain, i.e., at node 78, exceeds the
voltage on line MVP by its threshold voltage. In this
example with transistor 80 enhancement mode, the ab-
solute value of its threshold voltage will be hereinafter
referred to as Vgg; of course, a depletion mode device
may alternatively be used for transistor 80, with the
appropriate change in the behavior of the circuit. How-
ever, since there are four transistors 70, 72, 74 and 76 in
series between V4 and node 78, the voltage at node 78
1S at a value approximately of Vg less the threshold
voltages of the transistors in the series chain, which in
this case is 4 V. Therefore, transistor 80 does not turn
on until V4 reaches the value:

MVP 44 Vi +Vigg

In this embodiment, with line MVP approximately at
4.0 volts (relatively independently of the voltage of
Vad, and with V8o and V,; each on the order of 1.0
volts, transistor 80 will turn on responsive to power
supply voltage Vg4 rising above approximately 9.0
volts.

With transistor 80 off, which is the case with Vy
below the trip point, transistor 81 pulls the voltage at
the gates of transistors 82n and 82p to ground. This
places the voltage of line RVP, biasing the source of
transistor 82p, at the input to inverter 84. The output of
inverter 84 is thus driven to ground, which turns on
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transistor 86p and turns off transistor 86,2, Power supply
voltage V 415 thus presented to the gate of transistor 92,
keeping it off. The high logic level at the input of in-
verter 88 also causes line CLMPEN_ to be at a high
logic level and line CLMPEN to be at a low logic level,
indicating that V ;41s below the trip point and, as will be
described hereinbelow, that the voltage VCLMP is not
to be applied to array 25 and periphery 27.

When V44 reaches the value MVP+4 V4 Vg0, the
voltage at node 78 (the source of transistor 80) is suffi-
ctently high that transistor 80 turns on. This causes the
voltage at the gates of transistors 82p and 82n to be at
the value MVP+4 V,;,+ Vg0 which, in this preferred
embodiment, is above the threshold voltage of transis-
tor 822 so that the drains of transistors 82n and 82p are
pulled to ground potential through transistor 82n. This
causes the output of inverter 84 to go to the level of line
RVP, which also is above the threshold voltage of
transistor 8627, making transistor 86z conductive and
transistor 86p substantially non-conductive.

Upon transistor 862 turning on, the input of inverter
88 i1s pulled low so that, via inverters 88 and 90, line
CLMPEN will go to a high logic level and line
CLMPEN_ will go to a low logic level, indicating that
Vdzhas reached a level over MVP+4 V4 Vg0. Refer-
ring to FIG. 2, this will cause multiplexers 11 and 13 to
apply the clamped bias voltage Vrymp to array 25 and
periphery 27, respectively.

In addition, once transistor 86 has been turned on by
the output of inverter 84, the gate of transistor 92 is
pulled toward ground. This turns p-channel transistor
92 on, so that the source and drain of transistor 74 in the
senies diode chain are shorted together through transis-
tor 92. This reduces the level of V44 at which transistor
78 will remain on, by the threshold voltage of the tran-
sistors shorted out by transistor 92. In this case, since
one transistor 74 is shorted out by transistor 92, the
voltage at which terminal V4 can remain to keep tran-
sistor 80 on, and in turn to keep the voltage on lines
CLMPEN and CLMPEN.__ in the state at which they
indicate an overvoltage condition on line Vgg, is re-
duced to:

Therefore, as Vg drops from the value MVP+4
Vp+ V80, the voltage on line CLMPEN_ will remain
low until Vgz drops to the value MVP+3 Vip+ Vg0
which, 1n this embodiment, is on the order of 8.0 volts.
At this point, the logic states of lines CLMPEN and
CLMPEN_ will return to their originally low and high
logic levels, respectively.

Refernng now to FIG. 7, V4 clamp circuit 7 will be
described in detail. Vg4 clamp circuit 7 drives at its
output, on line VCLMP, a voltage which is derived
from external power supply voltage Vg s but which is
clamped at a maximum voitage by the operation of
comparator 94 in Vg g clamp circuit 7. When enabled by
lilnes CLMPEN and CLMPEN_ generated by high
V4a4 detection circuit 9 described hereinabove, Vg4
clamp circuit 7 will present a clamped power supply
voltage on line VCLMP to array 25 and periphery 27,
so that excessively high voltages presented externally
by the Vg 4 power supply do not damage the remainder
of the circuit.

Comparator 94 is an n-channel differential amplifier
with a p-channel current mirror active ioad, similar to
the comparators described hereinabove. N-channel
transistor 96 serves as a current source in comparator
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94, and has its drain connected to the sources of n-chan-
nel transistors 98 and 100 which serve as the differential
amplifier; the source of transistor 94 is connected to
ground and its gate 1s biased by the voltage on line
BIAS, similarly as the other comparators described
hereitnabove. As in the other comparators, the W/L
ratios of transistors 98 and 100 are preferably well-
matched, at a value, for example, on the order of 15.

The gate of n-channel transistor 98 is connected to
line MV A, which is the regulated voltage generated by
multiplier 21 as described hereinabove; in this example,
the voltage on line RV A is on the order of 3.3 volts.
The drain of transistor 98 is connected, at node 106, to
the drain of p-channel transistor 102 in the current mir-
ror active load. Node 104 is connected to the gate of
p-channel pull-up transistor 110. The gate of n-channel
transistor 100 is connected to node 108, for receiving a
feedback voltage from line VCLMP as will be de-
scribed hereinbelow. P-channel transistor 104 has its
drain connected to the drain of transistor 100. The gates
of transistors 102 and 104 are connected together, and
to the drain of transistor 104, and the sources of transis-
tors 102 and 104 are biased by V.

The drive portion of Vgg clamp circuit 7 includes
pull-up p-channel transistor 110 which has its source
connected to Vgz and has its drain coupied to line
VCLMP, in this embodiment via transistors 112. The
gate of transistor 110 is connected to node 106, and is
thus controlled by comparator 94 as noted above. Resis-
tors 118 and 120 are connected in series between line
VCLMP and ground, with transistor 120 also con-
nected in series therewith as described hereinbelow.
The values of resistors 108 and 120 are used to set the
voltage to be driven by high V4y0n line VCLMP. Node
108, at the electrical connection between resistors 118
and 120, 1s connected to the gate of transistor 100 in
comparator 94. Accordingly, the voltage at node 108
will be compared against the voltage on line MV A, so
that the voltage on line VCLMP will be determined by
the voltage divider network of resistors 118 and 120, as
will be described hereinbelow.

Capacitor 122 is connected between node 106 and
V44 to provide compensation for the differentiai ampli-
fier of comparator 94 in Vg4 clamp circuit 7. Capacitor
122 1s preferably a p-channel MOS capacitor, having a
size of 250 microns by 200 microns, and having a dielec-
tric of silicon dioxide having a thickness on the order of
15 nm, thus providing a capacitance on the order of 100
pF. Compensation capacitor 122 thus adds stability to
the operation of Vs clamp circuit 7. Of course, other
compensation techniques, or no compensation whatso-
ever, may alternatively be used depending upon the
specifics of the construction of V gz clamp circuit 7.

V44 clamp circuit 7 further includes enabling transis-
tors 112, 114, and 116 which are controlled by high V4
detection circutt 9 via lines CLMPEN and CLMPEN__.
P-channel transistor 112 has its source/drain path con-
nected between line VCLMP and Vg4 in series with
pull-up transistor 110, and has its gate controlled by line
CLMPEN_. N-channel transistor 114 also has its gate
controlled by line CLMPEN_,, and has its source/drain
path connected directly between line RV A, from the
output of drivers 22a and 244g, and line VCLMP. N-
channel transistor 116 has its source/drain path con-
nected between line VCLMP and ground, in series with

resistors 118 and 120, and has its gate controlled by line
CLMPEN.
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Transistors 112, 114 and 116 allow the state of lines
CLMPEN and CLMPEN__ to enable comparator 94 to
control line VCLMP only when high Vg; detection
circuit 9 has detected an overvoltage condition on V.
For example, when lines CLMPEN_. and CLMPEN
are at high and low logic levels, respectively (as is the
case during normal operation when V4; is not in an
overvoltage condition), transistors 112 and 116 will be
off, and transistor 114 will be on. In this way, the DC
current path between Vg7 and ground through transis-
tor 110 and resistors 118 and 120 is disabied, minimizing
the power dissipation of Vgz clamp circuit 7 accord-
ingly. In addition, transistor 114 serves to bias line
VCLMP from RV A during normal operation, so that in
the event that an overvoltage condition is detected on
V44 (1n which case lines CLMPEN_ and CLMPEN are
driven low and high, respectively), Vgq clamp circuit 7
will not need to charge up line VCLMP from ground to
the clamped voltage, as line VCLMP will already be at
the burn-in voltage generated on line VLBIN and ap-
plied to array 25 on line RVA by multiplexer 11 and
driver 224. Accordingly, noise which would otherwise
be generated from Vg4 clamp circuit fully charging line
VCLMP from ground to the clamped voltage is much
reduced.

When high V4z clamp circuit 7 is enabled by high
V 44 detection circuit 9, responsive to the power supply
voltage V44 exceeding the trip point (in this example,
responsive to Vg4 exceeding 9.0 volts), low and high
logic levels on lines CLMPEN_ and CLMPEN, re-
spectively, will turn on transistors 112 and 116 and turn
off transistor 114. Comparator 94 will compare the
voltage at node 108 to the voitage on line MV A. Due to
the gates of transistors 102 and 104 being connected
together and to the drains of transistors 100 and 104,
node 106 will be driven to a lower voltage responsive to
the voltage on line MV A being higher than the voltage
at node 108. As node 106 drops in voltage, transistor 110
will become more conductive, and will charge line
VCLMP from Vg4 Conversely, when the voltage at
node 108 exceeds the voltage on line MV A, comparator
94 will raise the voltage at node 106 toward V 4z, which
will cause transistor 110 to become less conductive, and
will allow resistors 118 and 120 to pull line VCLMP
toward ground through transistor 116.

As noted above, transistors 98 and 100 are preferably
well matched with one another, as are transistors 102
and 104. With this being the case, the operation of com-
parator 94 will cause Vgy clamp circuit 7 to reach a
steady state at which the voltage at node 108 will equal
the voltage on line MV A. With the voltage at node 108
equal to the voltage on line MV A, the voltage on line
VCLMP will depend upon the values of resistors 118
and 120. In this embodiment, the value of resistor 118 is
on the order of 5.0 kOhm, and the value of resistor 120
is on the order of 4.5 kOhm. With these values for resis-
tors 118 and 129, the voltage which is generated on line
VCLMP responsive to 3.3 volts at node 108 is approxi-
mately 7.0 volts. '

Referring now to FIG. 8, the construction and opera-
tion of Vgpry multiplexer 11 will be described in detail.
It should be noted that Ve, multiplexer 13 is preferably
constructed identically as V g4y multiplexer 11, except
of course that line MVP rather than MVA is input
thereto, and that its output is connected to line VP
rather than VA. V., multiplexer 11 receives, at its
power inputs, line MV A from multiplier circuit 21, line
VLBIN from burn-in voltage generator circuit 5, and
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line VCLMP from Vg4 clamp circuit 7. Vg,p, multi-
plexer 11 selects among these three power inputs re-
sponsive to its control inputs received on lines BINEN
and BINEN__ from burn-in voltage detection circuit 15
and on lines CLMPEN and CLMPEN__ from high V4
detection circuit 9. Included within Vg, multiplexer
11 are pass gates 124, 126, 128, and 130, each of which

consist of an n-channel MOS transistor in parallel with
a p-channel MOS transistor. The control inputs on lines
BINEN, BINEN_, CLMPEN and CLMPEN_ are
connected to the gates of the transistors of the appropri-
ate ones of pass gates 124, 126, 128 and 130 in such a
manner that the signal communicated to the gate of the
n-channel transistor in each of pass gates 124, 126, 128
and 130 is the logical complement of the signal commu-
nicated to the gate of the p-channel transistor there-
within.

Line MV A 1s connected to the input of pass gate 124,
which 1s controlled by lines BINEN and BINEN_..
Similarly, line VLBIN is connected to the input of pass
gate 126, which is also controlled by lines BINEN and
BINEN_, but in a fashion complementary to that of
pass gate 124. Accordingly, with high and low logic
levels on lines BINEN and BINEN_, respectively, line
VLBIN will be connected by pass gate 126 to node 125,
and line MV A will be isolated by pass gate 124 from
node 125. Conversely, with low and high logic levels on
lines BINEN and BINEN_, respectively, line MVA
will be connected by pass gate 124 to node 125, and line
VLBIN will be isolated by pass gate 126 from node 125.
Since burn-in voltage detection circuit 15 issues high
and low logic levels on lines BINEN and BINEN_,
respectively, in response to power supply voltage Vg4
exceeding the voltage level at which burn-in is to take
place, line MV A is connected to node 125 during nor-
mal operation and line VLLBIN is connected to node 125
when the high Vg level indicates that an accelerated
voltage burn-in operation is to be performed.

Node 125 i1s connected to the input of pass gate 128,
which i1s controlled by lines CLMPEN and
CLMPEN_.. Line VCLMP is connected to the input of
pass gate 130, which is also controiled by lines
CLMPEN and CLMPEN_ but in a fashion comple-
mentary to the control of pass gate 128. With low and
high logic levels on lines CLMPEN and CLMPEN_,
respectively, node 125 will be connected by pass gate
128 to line VA, and line VCLMP will be isolated by
pass gate 130 from line VA. Conversely, with high and
low logic levels on lines CLMPEN and CLMPEN_,
respectively, line VCLMP will be connected by pass
gate 130 to line VA, and node 125 will be

isolated by pass gate 128 from line VA. Accordingly,
high Vg4 detection circuit 9, by issuing high and low
logic levels on lines CLMPEN and CLMPEN_. respon-
sive to power supply voltage Vs exceeding the voltage
at which the bias to array 25 and periphery 27 is to be
clamped, can override the selection of the regulated
voltage (line RVA) or burn-in voltage (line VLBIN) to
line VA, so that the clamped voltage on line VCLMP
can be applied thereto. As noted above, line VA is input
to drivers 22,4 and 244, and line VP is input to drivers
22pand 24p, for application of the voltages thereupon to
array 25 and periphery 27, respectively.

Referring now to FIG. 9, the operation of the system
of FIG. 2 in providing a bias voltage on line RVA to
array 25 as a function of the externally applied power
supply voltage Vg will be described. For purposes of
this exampie, the nominal level of power supply voltage



5,063,304

19

V44 which 1s applied to the memory device during nor-
mal memory operation is on the order of 5.0 voits. As
described above, during this normal operation, the volt-
age on line RVA which is to bias array 25 is on the
order of 3.3 volts, so that the power dissipation of array
25, as well as the breakdown rate of the storage capaci-
tor dielectric in the memory cells of array 25, are both
minimized. So that the switching speed of transistors in
periphery 27 is maximized, the nominal operating volt-
age on line RVP is, in this example, on the order of 4.0
volts.

This description of the operation of the system of
FI1G. 2 will begin with the external power supply volt-
age V4qincreasing from ground potential. As the exter-
nal power supply voltage V 41s powered up toward its
nominal operating level of 5.0 volts, regulated voltage
dnive circuit 3 will provide a voltage of 3.3 volts on line
RV A and a voltage of 4.0 volts on line RVP, as de-
scribed hereinabove. Since power supply voltage Vggis
below the trip point of burn-in voltage detection circuit
15, which in this example 1s approximately 6.4 volts,
lines BINEN and BINEN_ (and, of course, lines
CLMPEN and CLMPEN_) will have low and high
logic levels, respectively, thereupon. Vg, multipiexer
11 and V., multiplexer 13 will select the voltages on
lines MV A and MVP, respectively, for application to
lines RVA and RVP, respectively. Array 25 will thus
be biased, in this example, by a voitage on the order of
3.3 volts, and penphery 27 will be biased by a voltage
on the order of 4.0 volts.

As power supply voltage V44 exceeds the trip point
of burn-in voltage detection circuit 15 at 6.4 volts, in
this example, high and low logic levels are driven on
lines BINEN and BINEN_, as described hereinabove.
This causes Vgrqy multiplexer 11 and Ve, multiplexér
13 to select the voltage on line VLBIN to be applied to
lines RV A and RVP, respectively. As discussed above,
burn-in voltage generator circuit 5 generates a voltage
on line VLBIN which varies with power supply voit-
age V44, so that an accelerated voltage may be applied
to array 25 and periphery 27 for purposes of burn-in or
for accelerated operating life testing.

It should be noted that an offset is present between
the regulated voltages on line MV A (and line MVP)
and the voltage on line VLBIN which is to be applied to
the circuit during the stress or burn-in operation. As
described above relative to FIG. 5, this offset is deter-
mined by the number of transistors 69 which are in
series between Vg and line VLBIN in burn-in voltage
generator circuit 5. The offset in burn-in voltage gener-
ator circuit 8 can, according to this embodiment of the
invention, be set independently from the voltage at
which the stress, or burn-in, operation is enabled by
burn-in voltage detection circuit 15, as this voltage is
determined by the number of transistors 50 in burn-in
voltage detection circuit 15. The system of FIG. 2 thus
allows the designer flexibility in the selection of the
desired burn-in voltage (i.e., its offset from V z) inde-
pendently from the voltage at which the burn-in voitage
i1s to be applied to the circuit. In this way, for example,
a high stress voltage may be applied to the circuit dur-
ing burn-in without requiring an excessive external
power supply voltage V44, as would be required in the
system of FIG. 1 according to the prior art.

Upon power supply voltage V44 increasing to the
potnt at which high V gdetection circuit 9 trips, which
In this embodiment is at approximately 9.0 volts, high
and low logic levels are driven by high V44 detection
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circuit 9 onto lines CLMPEN and CLMPEN_, respec-
tively. Responsive thereto, V;.qy muitiplexer 11 and
V peri multiplexer 13 select the voltage on line VCLMP
from V44 clamp circuit 7 for application to lines RVA
and RVP, respectively. By this operation, the system of
FIG. 2 buffers excessively high Vg4 supply voltages
from application directly to array 25 and periphery 27,
thereby reducing the susceptibility of those portions of
the integrated circuit to damage from electrical over-
Stress.

As described heretnabove, high voltage detection
circuit 9 includes hysteresis in its transfer characteristic,
so that control of the application of the voltage of line
VCIMP to array 25 and periphery 27 will not oscillate
if power supply voltage Vs varies near the positive-
going trip point of high voltage detection circuit 9.
Accordingly, upon V44 falling from a level above ap-
proximately 9.0 volts to a level below 8.0 volts, in this
embodiment, lines CLMPEN and CLMPEN_ will be
driven by high V44 detection circuit 9 to low and high
logic levels, accordingly. The voltage on line VLBIN
will then again be applied to lines RVA and RVP, until
power supply voltage Vs again falls into the normal
operating range.

Of course, many variations of the system of FIG. 2
may be made while still obtaining the benefit of the
invention. One such variation is, of course, to bias all
portions of the integrated circuit (both array 2§ and
periphery 27 in a memory device, for example, or the
entire VLSI circuit in other devices) with a single volt-
age. In such a circuit, only one multipiexer is of course
required. Another variation would, of course, be to
exclude the ramped burn-in voltage portion of the trans-
fer characterstic, so that the circuit would go directly
from the regulated (or, alternatively, unregulated)
power supply bias to the clamped condition.

Although the invention has been described in detail
herein with reference to its preferred embodiment, it is
to be understood that this description is by way of ex-
ample only, and is not to be construed in a limiting
sense. [t 1s to be further understood that numerous
changes in the details of the embodiments of the inven-
tion, and additional embodiments of the invention, will
be apparent to, and may be made by, persons of ordi-
nary skill in the art having reference to this description.
It i1s contemplated that such changes and additional
embodiments are within the spirit and true scope of the
invention as claimed below.

I claim:

1. An integrated circuit, comprising:

functional circuitry biased at a bias node;

a terminal for receiving a power supply voltage; and

a circuit, coupled to said terminal, for biasing said
bias node of said functional circuitry with a
clamped voltage responsive to said power supply
voltage at said terminal exceeding a first limit.

2. The integrated circuit of claim 1, wherein said

circuit comprises:

a high power supply voltage detection circuit cou-
pled to said terminal, for indicating at its output
that said power supply voltage has exceeded said
first limit; and

a clamp circuit coupled to said terminal, to said out-
put of said high power supply voltage detection
circuit and to said bias node, for biasing said bias
node with said clamped voltage responsive to said
output of said high power supply voltage detection
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circuit indicating that said power supply voltage
has exceeded said first limit.

3. The integrated circuit of claim 2, wherein said
clamp circuit comprises:

a voltage clamp coupled to said terminal, for provid-
ing a clamped voltage at its output from said power
supply voltage;

a multiplexer, having a first input coupled to said
terminal and having a second input connected to
said output of said voltage clamp, having a first
control mput connected to said output of high
power supply voltage detection circuit, and having
an output coupled to said bias node, for connecting
etther its first input or its second input to its output
responsive to the state of its control input.

4. The integrated circuit of claim 3, further compris-

Ing:

~a voltage regulator circuit coupled to said terminal
and to said first input of said multiplexer, for cou-
pling a regulated voltage based on said power sup-
ply voltage to said first input of said multiplexer.

. The mtegrated circuit of claim 4, further compris-
Ing:

a dependent voltage regulator circuit coupled to said
terminal and to a third input of said multiplexer,
said dependent voltage regulator circuit for cou-
pling a voltage to said third input of said multi-
plexer which varies with the power supply voltage;

a second high power supply voltage detection circuit
coupled to said terminal, for indicating at its output
that said power supply voltage has exceeded a
second limit;

wheremn said multiplexer has a second control input
connected to said output of said second high power
supply voltage detection circuit.

6. The integrated circuit of claim 5, wherein said

second limit is lower than said first limit.

7. The integrated circuit of claim 6, wherein said
multiplexer connects either its first input or its second
input to 1ts output responsive to the state at its second
control input, when the state at its first control input
indicates that said power supply voltage has not ex-
ceeded said first limit.

8. The integrated circuit of claim 2, wherein said high
power supply voltage detection circuit indicating at its
output that said power supply voltage has exceeded said
first limit until said power supply voltage drops to a
voltage below said first limit.
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9. The integrated circuit of claim 8, said high power
supply voltage detection circuit indicating at its output
that said power supply voltage has exceeded said first
limit until said power supply voitage drops to a voltage
below a third limit, wherein said third limit is a voltage
different from and lower than said first limit.

10. An integrated circuit, comprising:

functional circuitry biased at a bias node:

a terminal for receiving a power supply voltage;

a voltage regulator circuit, coupled to said terminal,
for providing a regulated bias voltage;

a stress voltage circuit, coupled to said terminal, for
providing a stress voltage; and

a multiplexer, receiving said regulated bias voltage
and said stress voltage at its inputs, and having an
output coupled to said bias node, for connecting
said regulated bias voltage or said stress voltage to
said bias node responsive to the voltage at said
terminal.

11. The circuit of claim 11, further comprising:

a high voltage detection circuit, having an input cou-
pled to said terminal and having an output coupled
to said multiplexer, for controlling said multiplexer
responsive to the voltage at said terminal.

12. The circuit of claim 11, wherein said multiplexer

also has an input coupled to said regulated bias voltage:
and wherein said high voltage detection circuit con-
trols said multiplexer to connect said stress voltage
to said bias node responsive to the voltage at said
terminal exceeding said regulated bias voltage by a

first differential voltage.

13. The circuit of claim 12, wherein said stress volt-
age circuit generates a stress voltage which varies with
the voltage at said terminal.

14. The circuit of claim 13, wherein said stress volt-
age 1s below the voltage at said terminal by a second
differential voltage.

13. The circutt of claim 14, wherein said second dif-
ferential voltage is less than said first differential volt-
age.

16. The circuit of claim 10, further comprising:

a clamp circuit, coupled to said terminal, for provid-

ing a clamped voltage;

wherein said multiplexer also receives said clamped
voltage at an input, and connects said clamped
voltage to said bias node responsive to the voltage

at said terminal.
& X i * X
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[57] ABSTRACT

An on-chip power supply regulation system for a VLSI
circuit such as a dynamic RAM is disclosed. The system
includes a high power supply voltage detection circuit
and a power supply clamp circuit, where a clamped
voltage generated by the clamp circuit biases the func-
ttional circuitry when the high power supply voltage
detection circuit detects an overvoltage conditions. The
bias voltage applied to the functional circuitry in the
normal operating condition can be a regulated voltage
generated from the power supply voltage. Further in-
cluded 1n the disclosed circuit is a burn-in voltage gen-
eration circuit and a burn-in voltage detection circuit,
which can apply an accelerated voltage which depends
upon the apphed power supply voltage, when the
power supply voltage is higher than during normal
operation but lower than in the overvoltage condition
enabling the clamp operation. A multiplexer connects
the regulated voltage, the clamped voltage, or the ac-
celerated voltage, to the circuit depending upon the
level of the external power supply voltage. In this way,
the offset between the accelerated voltage and the ex-
ternal power supply voltage can be optimized indepen-
dently from the power supply voltage at which the
accelerated voltage is enabled.
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made

to the patent.

AS A RESULT OF REEXAMINATION, IT HAS
BEEN DETERMINED THAT:

Claims 2 and 11 are cancelled.

Claims 1, 3, 8, 10 and 12 are determined to be patent-

able as amended.

Claims 4-7, 9 and 13-16, dependent on an amended

claim, are determined to be patentable.

1. An integrated circuit, comprnising:

functional circuitry biased at a bias node;

a terminal for receiving a power supply voltage; and

a circuit, coupled to said terminal, for biasing said
bias node of said functional circuitry with a
clamped voltage responsive to said power supply
voltage at said terminal exceeding a first limit
wherein said circuit includes:

a high power supply voltage detection circuit coupled to
said terminal, for indicating at its output that said
power supply voltage has exceeded said first limit;, and

a clamp circuit coupled to said terminal, to said output
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3. The integrated circuit of claim [2] / , wherein

said clamp circuit comprises:

a voltage clamp coupled to said terminal, for provid-
ing a clamped voltage at its output from said power
supply voltage;

a multiplexer, having a first input coupled to said
terminal and having a second input connected to
said output of said voltage clamp, having a first
control input connected to said output of high
power supply voltage detection circuit, and having
an output coupled to said bias node, for connecting
either its first input or its second input to its output
responsive to the state of its control input.

8. The integrated circuit of claim [2] 7, wherein said

high power supply voltage detection circuit indicating
at its output that said power supply voltage has ex-
ceeded said first limit until said power supply voltage
drops to a voltage below said first limit.

10. An integrated circuit, comprising:

functional circuitry biased at a bias node;

a terminal for receiving a power supply voltage;

a voltage regulator circuit, coupled to sad terminal,
for providing a regulated bias voltage;

a stress voltage circuit, coupled to said terminal, for
providing a stress voltage; [and]

a multiplexer, receiving said regulated bias voltage
and said stress voltage at its inputs, and having an
output coupled to said bias node, for connecting
said regulated bias voltage or said stress voltage to
said bias node responsive to the voltage at said
terminal,; and

a high voltage detection circuit, having an inpul coupled
to said terminal and having an output coupled 1o said
multiplexer, for controlling said multiplexer respon-
sive to the voltage at said terminal.

12. The circuit of claim [11] /0, wherein said multi-

plexer also has an input coupled to said regulated bias
voltage;

and wherein said high voltage detection circuit con-
trols said multiplexer to connect said stress voltage
to said bias node responsive to the voltage at said
terminal exceeding said regulated bias voltage by a

first differential voltage.
* X ¥ * %
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